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" Quality Assurance Statement

Study Title: An Analytical Method for the Detemmination of FOE 5043 Residues
in Plant Matrices.

Bayer Study Number F3121601

Audits of this study were conducted as required by the Good Laboratory Practice
regulations of FIFRA, Part 160, August 17, 1989. The audits are listed below.

Date Reported to
Study

Inspection

Date Phase Inspected Director Management
05/20/93 Protocol 05/27/93 05/28/93
05/24/93 Standard Hydrolysis 05/28/93 - 05/28/93

11/16/93  Sample Set Extraction, Recoveries 11/18/93 11/18/93
05/02/35  Final Report (Report No. 106406) 05/05/95 05/11/95

Based on the audits described above, it is concluded that the resuits presented in this
report accurately describe the methods and standard procedures followed and reflect
the raw data generated during the conduct of the study.

Company Agent: Date: 5/:/ 95
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An Analytical Method for the Determination of FOE 5043
Residues in Plant Matrices

1.0 §ummag

An analytical method was developed to measure the residues of FOE 5043 and its
metabolites in crops and processed products. The residues were briefly oxidized with
potassium permanganate for 5 min or monoperoxyphthalic acid (magnesium sait) for
30 min and hydrolyzed to 4-fluoro-N-methylethyi benzenamine (fluoroaniline) by
digesting the crop mixture with 47% sulfuric acid for 24 hours. The fluoroaniline was

" Separated from the crop matrix by steam distillation after making the crop digest basic
with 50% sodium hydroxide. The fluoroaniline was extracted from the steam distikate
and derivatized. The derivative, 4-ﬂuof0-N-memy|eu'|yl benzenamine
trifluoroacetamide (trifluoroacetamide derivative), was measured by gas chromato-

70% to 114%. Recoveries from various crops fortified at 0.05 ppm with FOE 5043 or its
plant metabolites ranged from 65% to 91%,

2.0 Introduction

The plant metabolism of FOE 5043, a preemergent herbicide, was well defined by

studies conducted with com' and soybeans.? No parent compound was detected in the
mature crop matrices. The plants contained three major metabolites, FOE oxalate,

‘ , FOE suffonic acid, and FOE thioglycolate sulfoxide, and two minor metabolites, FOE ?

Propachlor and alachicr, herbicides which are structurally similar to FOE 5043, have
been registered by the EPA. Analytical residue methods®* were published for these
compounds in the Pesticide Analytical Manual Vol. ll. In these methods, the parent ‘ A

A similar method, with appropriate modifications, was developed for the analysis of \
FOE 5043 residues and is presented in this report.

12
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;o

1801 Location | | | -
| This study was conducted between May, 1993 and May, 1995 at the Bayer Research
Park near Stilwell, KS. Raw data and the final report are archived at Bayer, Kansas
City, MO. B o o

3.1 Materials

311 Apparatus
Assorted clamps and dam;J holders.

Assorted laboratory glassware (including, but not limited to) .

- 470 mm Allihn condenser with 24/40 ground glass joints (Kontes Glass Co.,

Vineland, NJ, #431000-2430 or equivalent). :

- 1000-mi flat bottom flask with a 24/40 ground glass joint.

- 500-m! flat bottom flask with a 24/40 ground glass joint.

- 13 ml graduated centrifuge tubes (Kontes #41 0550-0013 or equivalent).

- 5-ml graduated centrifuge tube (Kontes #410550-0005 or equivalent).
- 500-ml separatory funnel. - '
Short path distillation head with 24/40 ground glass joints (Kontes #513750-0000 or

Milwaukee, W1, #210,4884 or equivalent).
- - 35to 50 mm Teflon jacketed magnetic stirring bar.
- Volumetric pipets and flasks.

Autosampler vials and septa (to fit the autosampler of the ge/ms).

Gas chromatograph/mass spectrometer (Hewlett Packard Company, Wilmington, DE,
model HP 5890, HP 5995, or equivalent) capable of capillary column chromatography
and equipped with an autosampler, a mass selective detector with appropriate data
collection hardware and software, and a fused silica capillary column: 0.20 mm i.d. x
12 m, methyl silicone, 0.33 Hm film thickness (Hewlett Packard, Ultra-1 or equivalent).

Gastight microliter syringes, 100 pl, 250 Hl, and 500 pi (Hamilton, Inc. Reno, NV, #1700
or equivalent). '

Ice bucket, about 4 liter capacity.

N-EVAP analytical evaporator (Organomation Associates Inc., South Berlin, MA,
Model N-EVAP or equivalent). ' '

13
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Stirer/hot plate (Coming Inc., Coming, NY, model PC-351, PC-320, or equivalent).

. Vacuum manifold for processing solid phase extraction cartridges (J. T. Baker Inc.,
Philipsburg, NJ, Baker spe-12 or equivalent). :

Waring Laboratory Blendor and 1-liter Blendor jar (Waring Products Division, New
York, NY, model 700G or equivalent).

3.1.2 Reagents/§ugglies

Antifoam A (Dow Coming, Midland, MI) or equivalent (ie. Antifoam A Concentrate,
Sigma #A 5633). ‘

Crushed ice.

Deionized water. .

4-Dimethylaminopyridine (DMAP), 99+% (Aldrich, #33,245-3 or equivalent).
Glass wool.

Granular anhydrous sodium sulfate (Mallinckrodt Speciality Chemicals Co., Paris, KN,
‘ AR grade, #8024 or equivalent).

Hydrochloric acid, 37% aqueous solution (Mallinckrodt, AR grade, #2062, or
equivalent).

Monoperoxyphthalic acid, magnesium éalt (MMPP, technical grade, Aldrici #28,320-7
or equivalent). : :

Octadecy! solid phase extraction cartridges, 3.0 mi volume, 0.50 g resin capacity (C-18
spe) (J. T. Baker, #7020-03 or equivalent).

Potassium permanganate, A.C.S. reagent grade (J. T. Baker #3227-01 or equivalent).
Pyridine, A.C.S. reagent grade (Aldrich #’36,057—0 or equivalent).
~ Sodium bisulfite, A.C.S. reagent grade (Mallinckrodt, AR grade, #7448 or equivalent).

Sodium hydroxide, 50% (w/iw) aqueous solution (Fisher Scientific, Fair Lawn, NJ,
#S8254-1 or solution equivalent to 19M).
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Solvents: methyiene chloride, diméthwhtmamide; méwvlert-bu‘ty! ether, and
acetonitrile (Burdick and Jackson Division, Baxter Healthcare Corporation, Muskegon, .-
MI, pesticide grade). -~ - . S

56% Sulfuric acid, (Mallinciaodt, AR grade, #2468 or equivalent)
 Sulfuric acid, 1 N solution in water.

Trifluoroacetic anhydride (TFAA), 99.9% (Aldrich, #10,623-2 or equivalent). Caution:
This_ reagent is toxic anq very hygroscopic. Buy the reagent in small quantities and use

oxalate, FOE sulfonic acid, sodium sait, monohydrate, and FOE thioglycolate sulfoxide
may be obtained from Bayer. :

2.1.3.1 Triuoroacetamide Derivative Standards

Primary Standard: Using a balance accurate to 0.1 mg, weigh 0.0171 g of 4-fluoro-N-
: methylethyl benzenamine trifluoroacetamide into a 100-m|
volu stric flask. Dilute the chemical to volume with methyl tert-
butyl ether. This solution is equivalent to 250 ppm of FOE 5043 in
a 10 gram sample after processing through the method. ,

Secondary Standards: Pfepare additional solutions from the primary standard as
follows: ' ,

(A) 25.0 ppm Pipet 10.0 ml of the primary standard
into a 100-ml volumetric flask, and dilute
the solution to volume with methyl tert-
butyl ether.

(B) 2.50 ppm Pipet 1.00 ml of the primary standard
into a 100-m! volumetric flask, and dilute
the solution to volume with methyl tert-
butyl ether.

15
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- (C)1.00ppm  Pipet 4.00 mi of the 25.0 ppm
‘ ‘ standard into a 100-mi volumetric flask,
and dilute the solution to volume with
methyl fert-butyl ether.

(D) 0.50 ppm Pipet 2.00 ml of the 25.0 PPmM secondary
standard into a 100-m| volumetric flask,
-and dilute the solution to volume with
methy! fert-butyl ether.

(E) 0.25 ppm Pipet 1.00 ml of the 25.0 Ppm secondary
standard into a 100-ml volumetric flask,
and dilute the solution to volume with
methyl fert-butyl ether.

(F) 0.10 ppm Pipet 0.400 m! of the 25.0 Ppm
secondary standard into a 100-mi
volumetric flask, and dilute the solution
to volume with methy! tert-butyl ether.

(G) 0.05 ppm Pipet 2.00 ml of the 2.50 ppm
standard into a 100-mi volumetric flask,
and dilute the solution to volume with
‘ methyl tert-butyl ether.

(H) 0.025 ppm Pipet 1.00 ml of the 25.0 Prm secondary
standard into a 100-ml volumetric flask,
and dilute the solution to volume with
methyi fert-buty| ether.

Store the standards under refrigerated conditions (0£3°C); under these conditions the
standard solutions are stable for at least 3 months.

3132 . Method Validation Standards

Piimary Standards: Using a balance accurate to 0.1 mg, weigh 0.0100 g of FOE
5043 into a 10-mi volumetric flask. Dilute the chemical to'
volume with methanol.

Secondary Standards: Prepare a 5.00 ug/ml solution from the primary standard by

pipeting 0.50 mi of primary standard into a 100-ml volumetric
flask. Dilute the solution to volqme with methanol.

. | 16>




Standard solutions of FOE oxalate; FOE sulfonic acid, sodium salt, monohydrate; and '~ -

FOE thioglycolate sutfoxide should be prepared in the same manner. ‘

’Stdre 'the st\andérds under refrigerated conditions I(Oiafé); under these eondiiions. the ‘
standard solutions are stable for at least 3 months. : ' C .
32 Analytical Method

321 General instructions

' 3.2.1.1 | Evaporations

All evaporations are done with an N-EVAP using a gentle stream of nitrogen and a
room temperature (20+5°C) water bath. Remove the sample immediately after the
solvent has evaporated.

3.2.1.2 Measurements

Unless otherwise indicated, all volumes should be measured with a graduated cylinder
or a pipet, whichever is more convenient. Do not use micropipetors (ie. Rainen
Pipetman). Unless otherwise indicated, weights should be measured on a balance
capable of accuracy to 10 mg.

322 Detailed Procedure

3.221 Sample Preparation

32211 Com Forage, Com Fodder, Com Grain, Soybean Forage, Spinach Tops,
- Wheat Grain, or Wheat Straw :

1. Add approximately 100 g of dry ice to a Waring Blendor jar. Add about an
equal portion (100 g) of the raw agricuitural commodity (RAC) to the jar in
small portions. Blend the contents of the jar after each addition until a
homogeneous mixture is obtained.

2. Pour the contents of the jar into doubled plastic bags, and store the open
bags at -20+3°C until the last traces o? dry ice have sublimed.

3. Seal and label the bags appropriately. g
4 Maintain the homogenized RAC under freezer conditions, -2013°C. |

17




3.2213

3.222

4a.

4b.

4c.

Pour or scrape the contents of the jar into doubled plastic bags. Seal and
label the bags appropriately.

Maintain the homogenized RAC under freezer conditions, -20+3°C.

om Qil, Soapstock, or other P ommodities
Maintain the processed RAC under freezer conditions, -20+3°C.

 Extraci-

Weigh 10.0 g of the frozen sample from 3.2.2.1 into a 1000-mi flat
bottomed boiling flask. Use a balance accurate t0 0.01 g.

Note: Begin recovery samples at this point. Fortify control tissue matrix
samples as described in 3.3,

Add a magnetic stirring bar and 75 m| of water to the flask. Stir the
mixture for 1 hour.

Add 10 ml of 1.0 N sulfuric acid solution, and stir the mixture well for
1 to 2 min.

For low moisture méﬁces, except com oil, add 2.0 g of potassium
Permanganate to the flask, and mix the contents well, such that the entire
mixture takes on a purple color from the permanganate. Stir the mixture
for 5 min.

For high rhoisture matrices (ie. soybean forage), add 1.0 g of potassium
permanganate to the flask, wmb(mecontenmwall, such that the entire
mixture takes on a purple color from the permanganate. Stir the mixture
for 5 min.

18



10.

11.

12.

13.

Add 2.0 g of sodium bisulfite, e
 bisulfite. Permanganate treated mixtures will .lose_(any‘remaining puple -

color.

Attach an Allihn reflux conde

1oe4os

Stir and swirl the flask to dissolve the |

nser to the boiling flask. Pour 50 ml of

‘concentrated sulfuric acid down the condenser into the matrix mixture

Rinse down the condenser with 2 to 3 mi of water. Heat the mixture to
reflux with stirring (bring to reflux within ubout 20 to 30 min) on a stirring

hot plate.

overnight, be sure water lines are firmly attached and wired to both the

condenser and the water tap

Continue feﬂuxing the sampl

e for 24 hours,

| Remove the sample from the heat, and allow the mixture to cool for about

10 to 15 min. Carefully add 350 m| of deionized water to the flask through
the condenser, and then remove the condenser from the flask.

Cool the flask in an ice bucket half full of a crushed ice/water slurry for

15 min.

Slowly add (in 10 mi portions) 100 mi of 50% (wAw) sodium hydroxide

solution to the flask. Stir the

mixture throughout the addition. Allow time

(3 to 4 min) between additions for the mixture to cool.

Note: The 50% (wiw) NaOH solution was approximately 19 M. If a more
dilute solution is used, calculate the appropriate volume of solution.

Check the pH of the mixture

with pH paper. If the pH is <12, add an

additional 5 ml of 50% sodium hydroxide solution to the mixture. Recheck
the pH, and, if necessary, add additional 50% sodium hydroxide to

achieve a pH »12.

Add 0.5 mi of antifoaming co
the ice bath.

Attach a short path distillatio
the alkaline sample.

mpound to the flask. Remove the flask from

N head to the 1000-m! boiling flask containing

19




14.

15.

16.

17.

3.223

106406

Add 2.0 ml of 37% hydrochloric acid solution to a 500-m| boiling flask.
Attach the 500-mi boiling flask to the distillation head as a distillation
receiver. Figure 2 illustrates the distillation apparatus.

Note: Wrap the necks of the flask and the short path distillation head with
aluminum foil to increase the rate of distillation,

Heat the contents of the 1000-ml boiling flask, with stirring, until
distillation begins (within 45 to 60 min).

Note: Maintain adequate water flow in the distillation head to ensure
complete condensation of the distillate, Incomplete condensation may

. lead to poor recoveries.

Distill the mixture at a rate of about 2.0 mi of distillate/min for 2.0 to 2.5
hours (about 250 to 300 mi of distillate should be coilected).

Remove the heat Source, and allow the apparatus to cool for about 10 to
15 min. Remove the 500-mi receiver flask.

Note: Aliow the distillation flask to cool completely before disassembling
the remainder of the distillation apparatus. If necessary, the distillate can
be stored ovemight before partitioning. See 3.2.2.6 for disposal
recommendations.

Partitioning
Note: Perform the entire partitioning procedure without interruptions.
Transfer the distillate from the receiver flask, 3.2.2.2 step 17, to a 500-mi

separatory funnel. Rinse the recsiver flask with two, 10-mi portions of
water, and add the rinses to the separatory funnel.

Add 10 mi ot methylene chioride to the Separatory funnel, and shake the
funnel for 30 sec. Allow the two phases to separate. Drain off and
discard the bottom phase (methylene chloride).

Repeat step 3 once with a fresh 10-ml portion of methylene chloride.

20



10.

 “should be 10 or greater. If a pH of <10 is indicated, add 1.0 mi of 50%
sodium hydroxide solution to the funnel, and recheck the pH. If
necessary, add additional 50% sodium hydroxide to achieve pPH 210.

funnel. for 30 sec. Allow the two phases to separate. Drain off the bottom
layer (methylene chloride) into a 13-mi graduated centrifuge tube or a
20-ml glass vial. ‘ : :

Note: This 5 ml of extract contains the majority of the analyte. Loss ofa .
small portion of the extract will significantly affect the recovery. Use care

- in handling the extract.

Combine all the methylene chioride extracts. After the second 2 mi
extraction, discard the aqueous phase.

Transfer the methylene chioride solution from the centrifuge tube or vial to
a drying tube with a disposable Pasteur pipet (a diagram of the drying
tube is shown in Figure 3). Try not to transfer any water into the drying
tube. Allow the methylene chloride solution to percolate through the
drying tube and into a 13-m| graduated centrifuge tube.

Rinse the centrifuge tube or vial two times with 0.50-mi portions of fresh
methylene chloride, and transfer the rinses into the drying tube. Allow the

fresh methylene chioride, and once again expel the last of the solvent
from the drying tube into the 13-ml centrifuge tube.

Dilute the solution in the 13-mi centrifuge tube to 10.0 mi with methyiene
chloride.

Note: If necessary, the solution can be stored in the refrigerator (0£5°C)
before derivatization.

24



Note: Once begun, complete the entire derivatization process without
delay.

Evaporate the methylene chioride solvent under a gentle stream of
nitrogengasuntilthesamplevohmeisqoom. AddDMFtothesample
to bring the total volume to 300 ul.

Placemecentrifugetube inabeakerofwateratroomtemperatm.

Add 100plofasolutionof0.2%(wlv)DMAP inpyridinetometubewima
gas tight syringe. Capandmmvemehbaﬁommebeakerofwater.
Mixmecontentsveryﬂ'loroughly. Rinsemesolutionupthesidesque
centrifuge tube. Replacemembeintomebed(erofwater.

Note: Prepare the 0.2% DMAP in pyridine by adding 0.050 g of DMAP to
a 25-ml volumetric flask. Dissolve the DMAP in pyridine and dilute to 25
ml. Handle the pyridine solution only in an adequate fume hood.

beaker of water. Mix the contents well. Rinse the solution up the sides of
the centrifuge tube. A clear yellow solution should be obtained.

Note: Handle the TFAA only in an adequate fume hood, This is a
hazardous reagent; handle with care! After addition of the TFAA, the
reaction mixture may form a smalil amount of precipitate on standing. This
should not affect the results. .

- Replace the tube into the beaker of water. Allow the mixture to stand for
about 15 min.



10.

11.

12.

13.

Carefully add 3.0 m! of deionized water dropwise tc the centrifuge tube
with gentle shak...g. Dilute the solution with deionized water to 80mi
total volume. Cap and remove the tube from the beaker of water; mix the
contents well. ' -

Add the solution from step 7 to the C-18 Spe cartridge in several portions.
Pull the solution through the cartridge by applying a gentie vacuum (about
-2 kPa/-1.5 inches Hg) to the manifold, Rinse the centrifuge tube twice
with 1.0-ml portions of water, andaddtheﬁnsestoﬂwecaﬂridge.-

Rinse the cartridge twice with 2.5-mi portions of water. Discard the
combined water eluates from the cartridge.

Dry the cartridge by using the vacuum manifold to draw air through the
sorbent bed for 15 min (about -25 kPa/-7 inches Hg vacuum). -

tube.

Note: Do not use vacuum to elute the methy! tert-buty! ether through the
cartridge.

Transfer the eluate from the centrifuge tube to a drying tube with a
disposable Pasteur pipet (see Figure 3). Try not to transfer the water
from the bottom of the tube. Allow the methyl tert-buty! ether solution to
percolate through the drying tube and into a 5-ml graduated centrifuge
tube.

Rinse the 13-l centrifuge tube twice with 0,50 portions of fresh methyl
tert-butyl ether. Transfer the rinses to the drying tube. Allow the rinses to
percolate through the drying tube and into a 5-ml graduated centrifuge



14,

15.

3225
3.225.1

. freshmemylted-butylemer.amoncoagainexpelmelastof :
thesolvunfmnthectyingtubeirnothesmcsnﬁmgemm.

 Dilute the solution in the 5-m| centrifuge tube to 5.0 mi with methy] fert-
butyi ether.

_Mal@mmmmmmw

a Procedure

A InStrumem Conditions:

Injecior; Splitless mode, 200°C, purge off time 0.75 min.

Column: Fused silica mpillary columns; 0.20 mmid. x 12 m, methyl

silicone, 0.33 um film thickness.
Carrier gas: Helium, 8 Psi (33.5 cmvsec flow rate).
Temperatures: Hold at 55°C for 1.7 min,

Ramp at 15°C/min to 150°C.
Ramp at 25°C/min to 250°C.

Detector:  Mass selective detec'~r in selected ion mode. Data are acquired

for ions of m/z * 38, 207, and 249. Thses data are summed to give
a total iond1romatog'am(TIC). TheTlCdataareusedfor
calculations. Data are processe : using Hewlett Packard software.

B. Procedure:

1.

Flace 0.5-ml to 0.7-mi aliquots of the 0.50 Ppm standard (see 3.1.3. 1) into
gc autosampler vials. Seal the vials with suitable septa.
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Inject 1.0 ul from the first vial of the 0.50 ppm standard,

Inject 1.0 vl of the derivatized sample (see 3.2.2.4 step 15) from the via|
labeled ray atitior 1 ‘

Inject 1.0 pl from the third vial of the 0.50 PpPm standard.
Inject 1.0 i of methyl tert-butyl ether as a blank. -

area for the sample is greater than the peak areas for the 2.50 ppm
standards, repeat steps 1 through 7 with the 25.0 ppm standard (see
3.1.3.1).

Calculations:

1.

Compare the gc retention times with thos 3 of the 0.50 ppm standards ( 7
either side. If the gc retention time for the sample is within +0.05 min of
either standard, then proceed to step 2.

Calculate ppm of FOE 5043 equivalents in each sample by comparing the
detector response (peak areas) for the sample to the average response to
the standards injected befo:a and after the sample.

_ samle response ;
Sample ppm - average sTandard response X standard concentration
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D. Detector Linearity Curves:

1.

32252

To demonstrate detector response linearity to the trifiuoroacetamide
derivative in solvent, sequentially inject 1.0 i of each of the 0.10 ppm,
0.25 ppm, 0.50 ppm, 1.00 PPM, and 2.50 ppm standards (see3.1.3.1).

To demonstrate detector response linearity to the trifiuoroacetamide
derivative in the presence of matrix, prepare and analyze fortified matrix

ppm, 6.25 ppm, 0.50 ppm, 1.00 ppm, and 2.50 Ppm, respectively). lﬁjed
1.0 pl of each fortified matrix sample. :

Assess the two curves plotted in step 4. Determine detector response
values from each curve at 0.10 Ppm, 0.25 ppm, 0.50 ppm, and 1.00 ppm.
At each of these points, the detector response value for the fortified matrix
curve should be within 20% of the same point on the solvent only sample
curve for the curves to be sufficiently comparable. '

if the linearity of the two curves is not sufficient, repeat steps 1 to 5 after
evaluating the performance of the gc/ms system.

Confirmatory Procedure

Individually integrate the single ion chromatograms for 138, 207, and 245
amu.

26



o C°mpmm°"aﬁ-"’.OfPéakvafeasfor138amutozo7amuand\24‘9amu'to
ZOZanuformestandadsandﬂwesamp;es_ , \, :

o io = Integration for 138 ams
138‘Ion Rathl ‘ T o

{

_ . Integration for 249 amy
49 fon Ratio - on For 207 am

If the ion ratios for the sample are similar (£15%) to the average ion ratios
of the standards injectedbeforeandaﬂermesample, the presence of

3.2.26 Disposal of Solutions

3.3

3.3.1

3. Pot residues from the steam distillation should be diluted with water -
(about 300 ml), neutralized to about pH 7 with 37% hydrochloric acid, and -

Method Validation
Reguirements

3. Each sample is analyzed by the confirmatory method.

27
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4, Calculate recoveries by the following equation:

Recovery = g’"‘:' a7 X 100

3.3.2 Procedure for 0.10 Ppm recoveries

1. Using a 250 pl gas tight syringe, add 0.200 ml of FOE 5043 standard
solution (5.00 ug/mi in methanol, see 3.1.3.2); 0.124 mi of FOE oxalate
(5.00 pgvmi in methanol, see 3.1.3.2); 0.173 mi of FOE sulfonic acid,
sodium salt, monohydrate (5.00 ug/mi in methanol, see 3.1.3.2); 0r
0.166 ml of FOE thioglycolate sulfoxide (5.00 pg/m! in methanol, see
3.1.3.2) to the 1000-mi flask (3.2.22 step 1). .

Note: If the FOE sulfonic acid is in the form of the free acid, use 0.151 mi
- of 5.00 pg/ml solution. For 0.05 Ppm recoveries, use half the volumes of
fortification solution.

2. Run duplicate recoveries for each chemical in each matrix. Run
duplicates sample for each matrix. Run a control sample with each matrix
set.

‘ 3. Perform the method as written without modifications.

4.0 Results and Discussion

Hydrolysis of FOE 5043 and its plant metabolites yields a common chemical fragment,
fluoroaniline (see Appendix 4). Thus, a common residue method was developed. A
flow diagram of the analytical residue method is presented in Figure 4.

4.1 Sample Qxidation and deMsis‘

of the plant metabolites to the fluoroaniline. Higher concentrations of acid (>60%)
degraded the fluoroaniline. Alkaline hydrolysis was aiso attempted, but a significant
fraction of the highly volatile fluoroaniline was lost during the hydrolysis.

Under the acidic conditions, FOE thioglycolate suifaxide and FOE methyl sulfoxide did
not hydi olyze completely to the fluoroaniline, so the residue samples were oxidized in

. 28




potassium permanganate. If FOE oxalate recoveries are low (<70%), the matrix should
be revalidated with only 1.0 g of potassium permanaganate, and FOE thioglycolate -
sulfoxide recoveries shouid be examined. If the FOE thioglycolate sulfoxide recoveries

are also low (<70%), the use of 1.5 g of potassium Permanganate and/or 2.5 g of

monoperoxyphtalic acid, m

agnesium salt should be attempted.

the best combination of Properties, including partition coefficient, low water solubility,
and ease of handling during the extraction.

29




monitoring, as well as a linear gc/ms-sim detector response. Ei mass spectra are
shown for fluoroaniline and the trifluoroacetamide in Figure 5. Derivatization of the
fluoroaniline in methylene chioride solution was unsuccessful.

excess pyridine containing DMAP (0.2% wiv). Addition of tnﬂuoroacetnc anhydride
(TFAA)to the DMF solution yielded the trifluoroacetamide derivative. While initial

Thischangewasadoptedinmeﬁnal . Theexcassmagentswemmnndned
after 15 min by cautious addition of water.,

fm

the sample, salt formation occurred during derivatization, which sometimes led to low
recoveries. Complete removal of methylene chioride, derivatization at room
temperature, and careful Mmeasurement of the sulfuric acid avoided this probiem.

The trifluoroacetamide derivative was extracted from the aqueous reaction mixture by
sqlid phase extract_ion (spe). A C-18 spe cartridge was charged with the reaction

44 c/ms-sim of 4-Fluoro I 1 enamine Trifluoroacetate

For each analysis, selected ion monitoring data were collected and summed for ions
with m/z of 138, 207, and 249 to yield a total ion chromatogram (TIC). The TIC was

used to calculate the FOE 5043 residue levels due to its greater signal to noise ratio
than the individual ion chromatograms. Figure 6 shows a typical gc/ms-sim

30




4.5 . Quantitation of Residue Levels

The TIC detector response for each recovery sample was inspected for a peak falling
within $0.05 min of the trifluoroacetamide derivative standards injected before and after
the sample (braketing standards). lfapeakwasfomd. the TIC detector response of the
peak was compared to the average TIC detector response for the bracketing standards.
All residue levels were calculated as ppm of FOE 5043 equivalents. Example

of ion ratios. This technique has been described by Sphon® and Wilson." The 138

Figure 6B. Typical single-ion chromatograms for controls and recoveries from various
plant tissues are shown in Figures 7 through 19, Example calculations for the
_determination of ion ratios are shown in Appendix 3.
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An independent laboratory validation (PR Notics 88-5) of the analytical method was o
on the first attempt?, indicating that the method could be satisfactorily unby ~

TFAA used in the derivatization step of the method. This change was incorporated into

Acompemorpmductimefferencestudy"indiéatedmatmoompomdshavhg :
toleraqces in for com, cotton, peanut soybean, sunflower, wheat interfered with the

A validation study'? using aged radioactive residues in com fodder, soybean seed, and
soybean forage demonstrated the extraction efficiency of the method, The FOE 5043
residues were effectively extracted, converted to fluoroaniline, and derivatized to the
trifluoroacetamide derivative (Appendix 20).

50 ¢ onclusions |
An analytical method for measuring the residues of FOE 5043 and its plant metaboiites

in crop matrices was developed. This method showed recoveries of 67% to 116% of
FOE 5043 and its metabolites at the 0.10 ppm level and 65% to 91%.at the 0.05 ppm

33
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Table 1.  Distribution of FOE 5043 metabolites in plant maﬁ-acesfromqopsgrownin'

soil treated with [“C] FOE 5043, (Values in Percent oftotal radioaclive FOE
5043 residue).

’LE-QQ&MML _
: Sulfomc Thtoglycolate Methy| Methyi molactate
Q&Mdgmx Oxalate  Acid  Suffoxide Suffone  Suffoxide Sulfoxide

Com' o o
Forage 44 7 10 1 1 10
Fodder 42 6 1 1 -1 9
Soybeans
Forage 1§, 40 19 S 2 0]
Fresh Beans 0 0 39 4 2 0
Hay 16 40 17 5 4 0
Dry Beans 5 - 8 39 6 5 0]

' The residues in com kemels were too low (0.012 ppm) for identification of individual
metabolites.



Com Forage'

Cofn Grain?

Com Fodder®
Com Oil*

FOE oxalate

FOE sulfonic acid

FOE thioglycolate
sulfoxide

FOE 5043

FOE oxalate

FOE sulfonic acid

FOE thioglycolate
sulfoxide

FOE 5043

FOE oxalate

FOE sulfonic acid

FOE thioglycolate
sulfoxide

Mixed standard

FOE 5043

FOE oxalate
FOE sulfonic acid

FOE thioglycolate
suifoxide

samples had residues of <0.10 ppm.

* For summaries of the raw data
samples had residues of <0.10
* For summaries of the raw data and

samples had residues of <0.10 ppm.

0.10
0.10
0.10
0.10

0.10

0.10
0.10
0.10
0.10

72/78
75/ 64
80/ 78

91
79
65
73

112/ 116
79/ 82
78/ 91
86/ 98

83/ 90

83/ 86
78/ 72
67174
77

and chromatograms, see Appendix 8. Contro}
ppm.
chromatograms, see Appendix 9. Contro|




‘Table 2. (cont)
Crop Matrix
Peanut Nutmeat®
Spinaqﬁ Tops®
Soybean Seed’

Soybean Forage®

Soybean
Soapstock?

Sunflower Seed'®

* For summaries of the raw data and chromat

Compound .
Mixed Standard
Mixed Standard

- FOE 5043

FOE oxalate
FOE sulfonic acid
FOE thioglycolate
~ sulfoxide

FOE 5043

FOE oxalate

FOE sulfonic acid

FOE thioglycolate
sulfoxide

Mixed standard

FOE 5043

FOE oxalate

FOE sulfonic acid

FOE thioglycolate
sulfoxide

samples had residues of <0.10 ppm. :
® For summaries of the raw data and chromatograms, see Appendix 11.
samples had residues of <0.05 ppm.

" For summaries of the raw data

samples had r«sidues of <0.10 ppm.

* For summaries of the raw data

samples had residues of <0.10 ppm.

®  For summaries of the raw data

samples had residues of <0.10 ppm.
" For summaries of the raw data and chromatograms, see Appendix 15.
Samples had residues of <0.10 ppm.

0.10
0.05

. 0.10
0.10

0.10
0.10

0.10
0.10
0.10
0.10

0.10

0.10
0.10
0.10
0.10

78172
71172

89/ 91
89/ 80
74/ 85

89/ 85
85/83
74/ 74
79/ 80

94/ 95
92/ 87
70/ 70
93/75

6grams, see Appendix 10,

and chromatograms, see Appendix 12.
and chromatograms, see Appendix 13.
and chromatograms, see Appendix 14,

Control
Control
Controf
Control
Convrol

Controi -



| Table 2 (cont.)

Crop Matrix
Turnip Roots"

Wheat Grain'?

Wheat Grain'?

Wheat Straw'

Compound

Mixed standard

FOE 5043

FOE oxalate

FOE sulfonic acid

FOE thioglycolate
sulfoxide

Mixed standard

Mixed standard

"' For summaries of the raw data and

samples had residues of <0.05
? For summaries of the raw data
sampies had residues of <0.05
' For summaries of the raw data
samples had residues of <0.10

0.10

71172
88/ 86
87/85
73/ 65
PO/ 77
78/ 79

80/ 85

106406

chromatograms, see Appendix 16. Controi

ppm.
and chromatograms, see Appendix 17. Control
ppm.

and chromatograms, see Appendix 18. Control
Ppm.



FOE Oxalate

_ 1
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FOE Suifonic Add FOE Methyt S:tfoxide
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FOE Methy! Sutione

Figure 1. Plant metabolism of FOE 5043
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Figure 2. Short path distiliation setup for steam distillation of the acid digest.




Figure 3.

© GrLass WooL

NA,SO,

GLass WooL B /

Drying tube setur for the drying of organic solutions. Preparation: Add
a small plug of glass wool to a disposable Pasteur pipet. Add about
0.5 g of anhydrous sodium sulfate to the pipet. Add a lcose plug of
glass wool about 2 cm long to the pipet.
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' 10 g sample
Soak in 75 ml of water for 1 hour. Add 10 mi of 1 N H,SO,
~ Add oxidant, stir 5 min, add 2 g NaHSO,
Add 50 ml of concentrated H,SO, and reflux for 24 hours.

1
Add 350 ml of H,0 and 100 ml of 50% NaOH
and steam distill the mixture

Pot Residue Collect distillate into 2 mi of conc. HC!
(discard) |
CH,CI, partition
%10 mi)
_
Aqueous Fraction CH,Cl, fraction
(diswrd)
Add 5§ ml of 50% NaOH
CH,CL, partition
(Sml+2x2ml)
l
. Aqueous Fraction CH,Cl, extract, dilute to 10 ml.
(discard)
Sml of'extract 5 mmextract
(retain)
Add 10 ul sulfuric acid

and 250 ul DMF and mix thoroughiyt
Evaporate the soivent to <200 ul

Dilute to 300 pl with DMF and add 100 7]
DMAP/pyridine. Add TFAA. Mix weil.

After 15 min dilute to 8 mi with water.
Charge onto a C-18 spe cartridge |

Wash and dry the cartridge

Elute with MTBE, and dilute to 5.0 mi with MTBE

Analyze the sample by gc/ms

Figure 4. Flow diagram of the analytical residue method.
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" 4-Fluoro-N-methylethyl benzenamjﬁé.

i"l

ﬁnﬂ.ng.
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600006-
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 Av.th. of 5.202 to 3.307 min.: 227-I33C.5
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134

S
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60 70
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Lz‘, oly, e:,’g?u ﬁ?. J,n ;:h e J!a ~..{°jl: 4 tii‘
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4-fluoro-N-methylethy! benzenamine trifluoroacetamide.

e
90000 -
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10000 4

b

Scan 688 (3.373 min): 227-1278.D

138

2r7
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}BOIL 220

ek 220 |
180 200 230 340

Figure 5. Ei mass spectra of fluoroaniline and the triflucroacetamide derivative.
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A. Total ion chromatogram of the FOE trifluoroacetamide derivative.

r«bunggsso TIC: KAM1S.D
s.ps
3000 4
2500 4
2000 4 < FOE Derivative
1500 4
1000
$00 ] L
————— A .
0 ,,,,,,,,
Time ->1.00 2.90 3.00_4.00 s.00 6.00 7.00 8.00 9.00
B. Single ion chromatograms for m/z of 138, 207, and 249,
rbundance Ion 138.00:; KAH16.D
1000 s.(s¢=
‘o,‘...,....,...,,....,....,....,....,. Ve
Time ->1.00 2.00 3.00 4.00 S5.00° 6.00 7.00 8.00 9.00
ce Ion 207.00: KAH16.D
6.ps
1000 &
o.‘.‘T,%..,,...,....,... B Ba e =
Time ->1.00 2.00 3.00 4.00 _5.00 6.00 7.00 8.00 9.00
undance Ion 249.00: KAH16.D
10004 - 6.05
| =
o,...,....,....,.,.., Papcpp—— e
Time ->1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 9.00

Figure 6.

Ge/ms chromatogram of a. 4-f]

trifluoroacetamide standard sample.

uoro-N-methylethyl benzenamine ‘




A. Total ion

chron‘aatogram of a com forage control Sample. '

nce H .
-rb“"i’gpo- TIC mgzv D
8004 °
600 ] FOE
Derivative
400 - '“'
: 6.05 J
200 \ R
' o T P R et oo S T r———
Time ->1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
B. Single ion chromatograms for m/z of 138, 207, and 249,
rbundnnco Ion 138.00: KAF27.D
500 - U‘
\
o MR e ..,,,..,.,..,....,....I....,..1-—
Time ->1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Cce Ion 207.00: KAF27.D
500 < ﬂ.
ﬁ
Time ->1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Abundance Ion 249.00:; FAF27.D
500 | U'
o....,ﬁ—..,,..'.,.,.,,.'..,........,.. ———
ime ->1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 9.00
Figure 7. Gc/ms chromatograms of typical com forage controi and recovery
samples.

A and B: Com forage control sample.
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D. Single ion chromatograms for m/z of 138, 207, and 249,
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A. Total ion chromatogram of a‘co‘m grain control sample.

e

nce

' 600 -

500

400

TIC: ABA31.D

FOE
Deri tive

300
“\-ﬁ_..._,.L,.‘..,L
200 >
100
Time .>g.o£>' 2,00 3.00 400 5.00 €. 5o 7100 _8.00 5.00

B. Single ion chromatograms for m/z of 138, 207, and 249,

undance Ion 138.00: ABA31.D
200 _ .[L ‘
N— o
o,....,....,....,,...,..,.,....,....,....,,..—
Time ->1.00 2.00 3.¢00 4.00 _5.00 6.00 7.00 8.00 9.00
undance Ion 207.00: Anhn.n
200 4
M L L i
) ,,,,,,,,
Time ->1.00  2.00 3.po 4.90  5.00 6.00 7.00 8.00 9.00
Abundance Ion 249.00: ABAII.D
200 ] U'
M A 1
] ,,,,,,,,1—
Time ->1.00 2.60 13.00 4.00 S5.00 6.00 7.00 8.00 9.900
Figure 8. Gc/ms chromatograms of typical com grain control and recovery

samples.
A and B: Com grain control sample.
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C. Total ion chromatogram of a com grain recovery sampie.

r«bundance

700 4
600
500 ;
400 5
300 4
200 -

100 4

TIC: ABAO7.D
s.,u
= FO_E Derivative

0 +—r——r—vy
lgiu =>1.00

.00

2

MR

3.00
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D. Single ion chromatograms for mz of 138, 207, and 249,
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B
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Ion 207.00: ABAGY .D

Tel

200 | \ ‘
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Figure 8 {cont). C and D: Corn grain sample amended with 0.10 ppm of FOE 5043,
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A. Tvo.tal‘ ion chromatogram of a com fodder control sample,
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Figure 9.
samples.

Gc/ms chromatograms of

A and B: Com fodder control sample.

ann

typical com fodder control and recovery



C. Total ion chromatogram of a comn fodder recovery sample.
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D. Single ion chromatograms for m/z of 138, 207, and 249
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Figure 9 (cont). C and D: Com fodder Sample amended with 0.10 ppm of mixed
standards.




A. Total ion 'chrbmatogram of a com oil control sample.
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B. Single ion chromatograms for m/z of 138, 207, and 249
Ion 138.00 (137.70 to 138.70): RA:I27.D
500 A L_\ 'U'
P
—— 0 360 2bn LT ———
3.00 4.00 5.00 6.00 7.00 8.00 9.00
Ion 207.00 (206.70 to 207.70): RAX27.D
‘ ~— ‘ A —
— 300 abe L T
3.00 4.00 5.00 6.00 " 7.00 8.00 9.00
Ion 249.00 (248.70 to 249.70): RAI27.D
= e , ——————
3.00 4.00 5.00 6.00 7.00 8.00 9.00
Figure 10. Gc/ms chromatograms of typical com oil controf and recovery samples.

A and B: Com oil control sample.



Ion 138.00 (137.70 to 13s.

‘.{sé
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Figure 10 (cont). C and D: Com oil sample amended with 0.10 ppm of
FOE thioglycolate sulfoxi '
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Figure 11, Gc/ms chromatograms of typical peanut nutmeat control and recovery

samples.
A and B: Peanut: stmeat control sample.
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C. Total ion chromatogram of a peanut nutmeat recovery sample.
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D. Single ion chromatograms for m/z of 138, 207, and 249,
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Figure 11 (cont). CandD: Peanut nutmeat sample amended with 0.10 ppm of mixed
standards.
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' A Total ion chmmatogram ofa spmach tops control sample
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Figure 12. Gc/ms chromatograms of typical spinach tops control and recovery
samples.

A and B: Spinach tops control sample.
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} C. Total ion chromatogram of a spinach tops recovery sample.
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800 - FOE
Derivative
600 A
5.55
400 _
200 Wd R P J )

v'.---lvn-"-vv-lv--.]-...l-'--'v-vﬁ

0 vy
Time ->1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 .00

D. Single ion chromatograms for m/z of 138, 207, and 249.
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Figure 12 (cont). C and D: Spinach tops sample amended with 0.05 Ppm of mixed
standards.



/A, Total ion chromatogram of a soybean forage contro| sample:

th.nco , \ TIC: IAJ27.D
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Figure 13. Gc/ms chromatograms of typical soybean forage control and recovery

samples.
A and B: Soybean forage control sample.
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C. Total ion chromatogram of a soybean forage recovery sample.
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Figure 13 (cont).

C and D: Soybean fora
FOE oxalate.
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7/\;Tbuﬂiqn<$#bnmmx#anmofasoybeanSeedconUOléanuma'
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Figure 14.

Ge/ms chromatograms of

samples.

A and B: Soybean seed control sample.
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Figure 14 (cont).  Cand D: Soybean seed sample amended with 0.10 ppm of
FOE st ffonic acid.



v YT T—r—

Ty T T T T rr T
Time ->1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

B. Single ion chromatograms for m/z of 138, 207, and 249,
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Figure 15. Gc/ms chromatograms of tyrical soybean soapstock control and

recovery sampies.
A and B: Soybean Soapstock control sample.
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Figure 15 (cont).
mixed standards.

C and D; Soybean soapstock sample amended with 0.10 ppm of



B. Single ion chromatograms for m/z of 1 38, 207, and 249,
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Figure 16. Gco/ms chromatograms of
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C. Total ion chromatogram of a sunflower seed recovery sample.
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Figure 16 (cont). CandD: Sunflower seed sample amended with 0.10 ppm of
FOE 5043.
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A. Total ion chfomatogram of a tumip rootscontrol samb!e.
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B. Single ion chromatograms for m/z of 136, 207, and 249,
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Figure 17. Ge/ms chromatograms of typical tumip roots control and recovery

samples.
A and B: Tumip roots control sample.
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Figure 17 (cont). C and D: Tumip roots sample amended with 0.05 Ppm of mixed .




A. Total ion chromatogram of a whaat grain control sample.
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Figure 18. Gc/ms chromatograms of typical wheat grain control and recovery

samples.
A and B: Wheat arain control samnla
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’ C. Total ion chromatogram of a wheat grain recovery sample.
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Figure 18 (cont). C and D: Wheat grain sample amended with 0.10 ppm of
FOE sulfonic acid.
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A. Total ion chroinétogrgm of awheat straw contro
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Figure 19,

Gc/ms chromatograms of typical wheat straw controf and recovery

samples.
A and B: Wheat straw control sample.
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C. Total ion chromatogram of a wheat straw recovery sample.
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Figure 19 (cont). C and D: Wheat straw sam

standards. '
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A. Total ion chromatogram of a methvl te:t-butyl ether solvent blank
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Figure 20. Gc/ms chromatograms of a methyl ter~butyl ether soivent blank.
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~igure 21. Linearity curves for 4-flucro-N-methylethy: benzenamine

trifluoroacetamide.
A. In methyl tert-buty! siner.
B. In the presence of com forage matrix.
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Figure 21 (cont) C. In the presence of com grain matrix.
D. In the presence of com fodder matrix.
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Figure 21 (cont) E. In the presence of com oil matrix.
F. In the presence of peanut nutmeat matrix.
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Figure 21 (cont) G. In the

presence of spinach tops matrix.
H. In the presence of £aybean seed matrix.
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Figure 21 (cont) I. In the presence of soybean forage matrix.
J. In the presence of soybean soapstock matrix.
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Figure 21 (cont) K In the presence of sunflower seed matrix.
L. In the presence of tumip root matrix.
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Figure 21 (cont) M. In the presence of wheat grain matrix.
N. In the presence of wheat straw matrix.
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Appendix 2. Synthesis of 4-ﬂuoro-N-methylethyl benzenamine
triflucroacetamide.

vacuum evaporator, and the residual oil was distilled at reduced pressure (160-163°C at
75 torr) to give 22.7 g (91%) of a pale oil.



The concantrations of the trifiuoroacetamide derivative in standard solutions
were calculated on the following basis: ~

A 1.00 ppm standard represents 1.00 Mg of FOE 5043 per g of initial
matrix sample. - - : . ' S

mi of final solution. : ,
~ Molecular weight of FOE 5043 = 353 4 amu.

Molecular weight cf the trifiuoroacetamide derivativ-- = 249 amy.

On a molar basis 1.00 ug FOE & 43 +363.4 x 249 = 0,685 ug of

trifluoroacetamide.

A 1.00 ppm standard = 0.685 pg of trifluoroacetamide defivative per m| of

final solution. ‘
Trifluoroacstamide derivative in staridards = 0.585 pg/ml x ppm desired.

For exampie, a 0.50 PPm standard = 0.685 g x 0.50 PPm = 0.343 ug/mi.

zalculation of the residue level in sample.

response for each repetition to the response for braketing triflucroacetamide
derivative staridards as follows:

. sample response :
average sEandard e X standard concentration

Therefore, for a com forage FOC 5043 recovery sample compared to 0.50 ppm
standards the calculations were;

First repetition 16123 .
Ppm = (768~ T X 0.50 ppm 0.0838 ppm

Secord repetition

. 1573% a
PP = o SemEey X 0-50 pom -+ 0.0820 ppm

N




Appendix 3 (cont). :

The two repetitions were averaged to give a residue
’ (0.0838 + 0.0820) + 2 = 0.083 ppm

Calculation of percent recovery.

calculation was:
0.083 ppm +0.10 Ppm X 100 = 83%

Caleulaticn of ion ratios and confirmation of anal e identity.
— - ———=sand confimation of analyte identity.

The ion ratios for braketing standards and individual sample repetitions were
calculated from the following equations:

. Integration for 138 amu .
138 Ion Ratio = ration Tor i -

. Integration for 249 amy
249 Ion Ratio ntegration Tor i

Thus, for the comn forage example shown above, the ion ratios were:
Standard: 138 ion ratio = 28518 + 47237 = 0.604
249 ion ratio = 20152 + 47237 = 0.427
Repetition 1 138 ion ratio = 4770 + 7900 = 0.604
249 fon ratio = 3449 + 7900 = 0 437
Standard: 138 ior: ratio = 27983 + 46266 = 0.605
249 ion ratio = 19920 + 46266 = 0.431
Repetition 2 138 ion ratio = 4682 + 7678 = 0.610
‘ 248 icn ratio = 3377 + 7678 = 0.440
- Standard: 138 ion ratio = 28235 + 47144 = 0,509 ~ -
249 ion ratio = 20189 + 47144 = 0.428

These values all fall within 15% of each other, thus the identity of the anaiyte was
confirmed.
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Appendix 4. Hydrolysis rates of FOE 5043 and its plant metabolites.

App4-1.0 Introduction and Summary

In order to determine conditions for the hydrolysis of FOE 5043 and its plant metabolites
to fluoroaniline, a hydrolysis rate study was performed. Hydrolysis using 47% (wiw)
sulfuric acid solution at 115°C was found to hydrolyze FOE 5043 and most of its plant
metabolites completely to flucroaniline within 24 hours. :

App4-2.0 Experimental

App4-2.1 Chemicals

[Phenyl-UL-'C] labeled standards were obtained from the Environmental Research
Section of Bayer, except FOE thioglycolate sulfone. Stock solutions of the standards
‘Were prepared in methanol. FOE thioglycolate sulfone was prepared by overnight
mCPBA oxidation of the FOE thioglycolate sulfoxide methanol stock solution and was
+ used without purification. The specific activities, radiochemical purities, stock solution
concentrations, and hplc retention times for the standards are listed in Table A3-1.

Appd-2.2 easureme e of 47% (wiw

A 47% (wiw) solution of H,SO, was prepared by adding 50 mi of H,S0, (92 g; 96.1%
pure) to 100 ml of water in a 250-mi flask. A magnetic stirring bar was added to the



Appendix 4. (cont).

App4-2.3 ummﬁmsmwmmm

Sample sets of FOE sulfonic acid, FOE thioglycolate sulfone, and FOE methvi sulfone
standards were hydrolyse:- by 47% H,SO,. Aliquots (100-ul) of the stock solution of the
standard were added to four 5-mi Reactivials. The methanof solvent was removed
under a stream of nitrogen gas. A 2-ml aliquot of 47% H,SO, v.as added to each vial,
the vials were capped, and the vials were heated at 115Cin & temperature-reguiated
heat block. One vial from each sample set was removed fmm the heat block at the “irme
points of 2 hours, 4 hours, 8 hours, and 24 hours. After being removed from the heat,

trans‘erred to a 13-m! centrifuge tube. The solution was diluted with about 5 ml of water
and w 1s neutralized to about PH 7 'vith 50% NaOH. Additional water was added as

NEs 2" to dissolve precipitated salts. The final volume was noted, and the solution was
aovesRyed. An aliquet of 2ach sample was analysed by hpic. :

App4-2 4 Determination of Hydrolysis Rates

The hydrolysis rates of FOE 5043 and its plant metabolites were determined by
monitoring the disappearance of the starting standard and any ‘nitial non-fluoroaniline
hydrolysis product(s) by hplc. For each time point, the combined integrated area (in
cpm) of starting standard and non-fluoroaniline hydrolysis product(s) was determined
(Tables App4-2 and App4-3). The natural log of the integrated area (In com) was
plotted versus time to determine the reaction kinetics.! No attempt was made to
determine an absolute rate constant. in the case of apparent first order reactions, the
half life? (t) for the hydrolysis of the standard was approximated from the plot. A
hydrolysis was considered complete when only fluoroaniline was detected by hpic.

App4-2.5 High Performanoe Liquid Chromatography (hpic)

All hplc was performed using a Beckman Mode! 345 Chromatographic System
(Fullerton, CA). The system was comprised of two model 112 soivent pumps, a model
421 controller, a model 340 solvent mixing module, and a model 210 injector equipped
with a 2-mi loop. The chromatographic system was connected to a Ramona D
radioactivity detector (Raytest, Pittsburgh, PA) equipped with a lithium glass scintillation
cell. The detector response for FOE 5043 and its plant metabolites was found to be
linear. However, the detector response for fluoroaniline was not linear. All data were
collected and analyzed using an IBM PC AT running Ramona software (Raytest,
Version 10.7).
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Aprendix 4. (cont). v ‘
The chromatography system was attactad to a PRP-1, 300 mm x 7.0 mm id reverse

phase column (Hamilton Co., Reno, NV, seria; #79426/780) equipped with a Spheri-10,
RP-18, 10 p, 30 mm x 4.6 mm id fv\'erse phase precolumn (Applied Biosystems, Foster

solvent mixture before each analysis. Hpic retention times for the standards are listed in
- Table App4-1.

ScintiVerse™ (Fisher Scientific, FairLawn, NJ). The data were processed with Beckman
data reduction software.

App4-3.0 Results and Discussion
=240 and Discussion

and FOE sulfonic acid were the two slowest hydrolysing metabolites (data not shown).
Therefore, hydrolyses with 47% (wiw) H,SO, were performed. Thess vigorous
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Appendix 4. (cont).

conditions had three benefits. First, the proton concentration was very high. Second,
the reflux temperature increased. Both of these factors increased the hydrolysis rate.
Third, the fluoroaniline would be converted to a non-voiatile salt under the acidic
conditions. '

The reflux temperature of 47% H,S0, was measured to be 115°C. The hydrolysis of
FOE sulfonic acid, FOE thioglycolate sulfone, and FOE methy! sulfone by 47% H,SO0, at

115°C was clean and complete (Figures App4-4, App4-5 and App4-6). The t's for the
hydrolyses were approximately 6 hours for all three.

Single aliquots of FOE 5043, the FOE oxalate, FOE methy! sulfoxide, and FOE
thioglycolate sulfoxide were hydrolysed by 47% H,80, at 115°C for 24 hours (Figure

conditions yielded fluoroaniline and other prod.icts, However, both FOE methyl suifone
and FOE thioglycolate sulfone hydrolysed cleanly and completely to the fluoroaniline.

App4-4.0 Conclusion

Conditions were found which hydrolyse FOE 5043, three of the five plant metabolites,
and FOE thioglycolate sulfone to fluoroaniline in 24 hours or less. As the hydrolyses of
both FOE methy! sulfoxide and FOE thioglycolate sulfoxide were not satisfactory,
oxidation of these two metabolites to the Corresponding sulfones prior to hydrolysis was
required.

App4-5.0 Footnotes
1. Because the concentration of acid or base effectively does not change, the

ﬁ -d( ) k(com)” |
where n is the order of the reaction. Forn = 1, afirst order reaction, the rate
expression will integrate to:

-In(cpm)=kt
and a plot of In (cpm) versus time yields a straight line.
2. The ty is the time required for the conzentration of the standard to decrease by

one-half. This interval was estimated by the time necessary for the curve to drop
0.69 (In 2) units on the y-axis.
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Appendix 4. (cont). A
Table App4-1. Specific activities,

106406

purities, stock solution concentrations, and hplc
retention times of FOE 5043 and related standards;
Gompound . Specific Radiochemical - Stock Solution Approximate
Activity Purity Concentration Retention
(dpm/uqg) (%) (Lug/ml in MeOQH) Times (hpic)
FOE 5043 406,000 99 - 3.50 37°02"
FOE Oxalate 182,000 " 99 6.43 514
FOE Suffonic Acid 171,000 99 7.35 sor
FOE Thioglycolate - 156,000 99 8.18 521
Sulfoxide 34'19m
FOE Thioglycolate 166,000 99 8.18 38'5g"2
Sulfone
FOE Methy! Sulfoxide 183,000 89 3.79° 713"
FOE Methy! Sulfone 173,000 99 13.08 1512
FOE Alcohol 1,219,780 >390 0.50 1707
FOE Amine 283,027 g8 2.40 8'47™
36'13"2
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Appendix 4. (cont).
Table App4-2.

Basic Hydrojyses

Compound
{dpi/samp)

OE 5043
(94,400 dpm)

Summary of the alkaline h

metabolites.

Reaction
Time (hr)

0.0
0.25
0.5
1.0
2.0
3.0
4.0
5.0
6.0

Cpm of

1

3,480
2,993
2,842
2,823
1,154

612

242

' Includes both £O& 5043 i.»d FOE alcohol.

Compound

(dMsamg)

FOE Oxalate

(117,100 dpm)

Compound

(dMsamg)

FOE Sulfonic
Acid
(125,600 dpm)

Reaction

Time (hr)

0.0
1.0
2.0
4.0
6.0

Reaction

Time (hr)

0.0
1.0
2.0
4.0
6.0

Cpm of

FOE Qxalate

4,530
4,698
4,322
4,170
3,705

Cpm of
FOE Sul Ac

5,899
5,242
5,389
5,190
5,140

88

FOE

Ln cpm

FOE 5043

8.15
8.00
7.95
7.94
7.05
6.42
5.49

—

Ln cpm

8.42
8.45
8.37
8.34
8.22

Ln cpm
FOE Sul Ac

8.68
8.56
8.59
8.55
8.54

cp
xalate

FOQE Oxalate

=2

106406

ydrolysis data for FOE 5043 and plant

Cpm of

EQE amine

0

967
1,390
10,890
18,980
21,204
7,934
24,439
8,084

Cpm of

FOE amine

0
402
304

1,232

Cpm of
FOE amine

0
83
301
572
191
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Appendix 4. (cont). ‘
Table App4-3 Summary of the acidic hydrolysis data for FOE 5043 and plant

metabolites.
Acidic Hydrolyses -
Compound Reaction Final . Cpmof Ln cpm
(dpm/samp) Time (hr) Volume (mi) EQESulAc' FOE Sul Ac
FOE Suffonic 0.0 2.4 5,653 8.64
Acid 20 8.1 4,485 8.41
(125,600 dpm) 4.0 9.9 3,312 8.11
8.0 100 2,417 7.79
240 11.0 — —
Compound ~ Reaction Final Cpm of Ln cpm
(dpm/samp) Time (hr) Volume (ml) EOE TGSQ,!
=OE Thioglycolate 0.0 1.6 10,873 9.29
Sulfone 2.0 10.0 8,154 - 9.01
127,600 dpm) 4.0 10.0 . 7,002 8.85
"~ 8.0 10.9 : 4,325 8.37
240 10.0 414 6.03
>ompound - Reaction Final Cpm of Ln cpm
dpm/samp) Time (hr) Volume (mi) EQE MeSQ,' EFOE MeSOQ,
‘OE Methyl 0.0 2.4 10,859 9.29
Sulfone 20 8.3 7,328 8.90
226,600 dpm) 4.0 8.0 5,797 8.67
8.0 10.5 3,815 8.25
240 12.1 — —_

Values corrected to be equivalent to 2.4 ml final volume.
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Appendix 4. (cont).
A.
FOE Amine
~ FOE Alcohol FOE 5043
| '
;
6 hours ;
$ hours .l;
~— 4 hours . !
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] 3 hours _/
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PS_X 1 2 heury {
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‘. :‘r \/ k_/\.,g 1 howr- /
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e 10'09 20'00 3%'ce ) 200
Retention Time (min)

igure App4-1.

A. Stacked piot of hpic ana
mixtures. Hamilton PRP-1
acetonitrile mobile phase, program 1.

B. Plot of In (cpm) of FOE aicohol versus reaction time.

80

lyses of FOE 5043 2 v NaOH hydrolysis
column; 0.5% aqueous acstic acid/
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FOE Oxalate
A. | FOE Amine

7
[} l; :
hours
/
/
4 howrs l‘
—/
/
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/
1 howr f/
2000 3990 4020 %30 T
Retention Time (min)
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8 4\4
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O 7k
s
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5 1 1

[o] 2 4 6
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igure App4-2. A. Stacked plot of hplc analyses of FOE oxalate 2 N NaOH

, hydrolysis mixtures. Hamilton PRP-1 column; 0.5% aqueous acetic
acid/acetonitrile mobile phase, program 1.
B. Plot of In (cpm) of FOE oxalate versus reaction tims.
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Appendix 4. (cont).
A. FOE Sulf. Acid
| FOE Amine
o I
!
\__ Standorta
| | /
€ howrs /'
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J /
0.8 1 howr /
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igure App4-3. A. Stacked plot of hplc analyses of FOE sulfonic acid 2 N NaOH
hydrolysis rnixtures. Hamilton PRP-1 column; 0.5% aqueous acetic
acid/acetonitrile mobile phase, program 1. :
B. Plot of In (cpm) of FOE sulfonic acid versus reaction time.



FOE Sulf. Acid

, FOE Amine
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E
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gure App4-4. A. Stacked plot of hpic analyses of FOE sulfonic acid 47% H,SO,

hydrolysis mixtures.

Hamilton PRP-1 column; 0.5% aqueous acetic

acid/acstonitrile mobile phase, program 1.

B. Plot of In (cpm) of

FOE sulfonic acid versus reaction time.




‘igure App4-5. A. Ctacked plot of hpic analyses of FOE thioglycolate sulfone 47%
s H,S0O, hydrolysis mixturss. Hamilton PRP-1 column; 0.5% aqueous
acetic acid/acetonitrile mobile phase, program 2.
B. Plot of in (cpm) of FOE thioglycoiate sulfone versus reaction
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A. | FOE Me. Sutfone
FOE Amine
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Figure App4-6. - A Stacked plot of hpic analyses of FOE methyl sulfone 47% H,SO,
hydrolysis mixtures. Hamilton PRP-1 column; 0.5% aqueous acstic
acid/acetonitrile mobile phase, program 1.
B. Plot of In (cpm) of FOE methy! sulfone versus reaction time.
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A

FOE Amine

FOE Oxamte

|

\

I

FOE 5043

s.okps x 10, \
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2.9 :
1 : FOE Thingiycolste Sutfoxide N
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9090 19°90 20'99 30'00 40° 08 50'90
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Figure App4-7.

Stacked plot of hpic analyses of FOE 5043 and FOE plant
metabolite hydrolysis mixtures after reaction with 47% H,SO,
solution at 115°C for 24 hours. Hamilton PRP-1 column; 0.5%
aqueous acetic acid/acetonitrile mobile phase, program 1.

96



